Abstract
Island, Outer Shelf and Orpheus Island samples were low (Fig. 3b) Inner Shelf samples from Northern GBR sites, CAMAs were mostly located in the 154 calicoblastic layer (46.8%), tentacles (17.5%) and coenosarc (16.7%) (Fig. 3b) . 155
CAMAs spanned a wide size range, from 23 to 6,761 µm 2 across tissue 156 samples from all sites (Fig. 3c) . In general, measurements underestimated the size ofCAMAs, given that measurements were dependent on the orientation of sectioning and 158 it is unlikely that most CAMAs were sectioned through their greatest diameter. 159
Acknowledging constraints associated with sectioning, the average size of CAMA's 160 (Fig.  166   3c) . 167
168

Morphology of CAMAs within coral tissues 169
High resolution imaging was used to partially characterize and compare the 170 morphology of bacteria across the CAMAs detected (Fig. 4) . Interestingly, each CAMA 171 appeared to be composed of a single morphological type of bacteria, although 172 morphological types varied among CAMAs. Overall, five different morphological types 173 of bacteria were identified: rod-shaped (length 2.5±0.1 µm, width 0.6±0.0 µm, Fig. 4a , 174 e), an atypical cocci (length 4.8±0.3 µm, width 3.1±0.2 µm, Fig. 4b, f) , a longer rod 175 morphology (length 8.0±0.0 µm, width 0.8±0.0 µm, Fig. 4c, g ), filamentous-like 176 bacteria (length N.D., width 0.4±0.0 µm, Fig. 4d, h) , and a rod-shaped morphology but 177 with spore-like structures (Fig. 4i-j, m-n) . While the consistency of morphological 178 characteristics within each CAMA may indicate that CAMAs are hosting singlebacterial types, it is also possible that they host multiple bacterial species with similar 180 morphologies. Interestingly, the fluorescent signal detected for some CAMAs was not 181 uniform over the entire aggregation. The lack of signal within some CAMAs (see Fig.  182 4d for example) may be due to the probe not targeting microbial cells that inhabit that 183 space. Defining a specific morphological shape for the bacterial cells observed was 184 sometimes difficult, with patchy probe hybridization producing images of structures that 185 potentially protruded from the tissue sections and seemed amorphous ( Fig. 4k-l, o-p) . 186
However, this again could be the result of mixed microbial communities within the 187 CAMA's, with some cells targeted by the probes, but others not hybridizing to the 188 probe-fluorochrome conjugate. 189
Further three-dimensional reconstructions of z-stacked FISH images of select 190 100 µm stained sections of tentacles visualized the CAMAs as typically spheroid or 191 ellipsoid-shaped structures (Fig. 5a) . In one example, a single CAMA was located 192 independently in the ectoderm of a tentacle (Fig. 5b) . In a different tentacle, multiple 193 smaller CAMAs were localized close to Symbiodiniaceae cells in the gastrodermal 194 region (Fig. 5c) Fig. 4a and e) , with the average cross-sectional area of each bacteriumbeing 175.7 µm 2 and 22.6±4.2 µm 2 , respectively (Suppl. Fig. 2 ). Based on cell size, the 202 number of individual rod-shaped bacterial cells within the 3D rendered images of these 203
CAMAs was estimated as ~ 47,275 cells for the large single CAMA located in the 204 ectoderm of the tentacle (Fig. 5d and Suppl. Fig. 2a) , and 2,799±200 cells ( Fig. 5e and  205 Suppl. . In particular, 235
CAMAs were common in species of Acropora, Porites, and Pocillopora, although often 236 their presence was patchy within a population sample 31 . 237
Interestingly, CAMAs were detected in a higher proportion of samples from 238 inshore sites (i.e., 100% of Sesoko Island samples, 80% of samples from the northern 239 GBR Inner Shelf site) than from offshore sites (25-40% of samples). Hence some of the different cellular morphologies we detected within CAMAs may 303 represent common coral-associated bacterial groups profiled in microbiome diversity 304 studies. In addition, two dominant bacteria were found to be localized intercellularly 305
within Symbiodiniaceae residing in the gastrodermal layers of coral host tissues using 306 both sequencing and FISH
27
. We note, however, that bacterial morphology can be 307 coral fragment, each 4 µm thick, were cut from each paraffin-embedded sample (Suppl. 377 Fig. 3 ). In addition, thicker 100 µm sections were cut from coral tissues to allow 378 reconstructions of three-dimensional configurations of the CAMAs (see below). Serial 379 sections were mounted on one slide coated with egg-white glycerin and on two slides 380 with poly-L-lysine solution (Sigma-Aldrich, USA) for HE staining and fluorescence in 381 situ hybridization (FISH), respectively. We analyzed a total 144 sets (432 sections) of 382 the serial sections for H&E staining and FISH among five location sites. 383
For HE staining, one serial section from each set was dewaxed in xylene (2 x 384 
